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® Intake system for multiple cylinder engine. 



© An intake system for a multiple cylinder engine 
(1) includes a plurality of discrete intake passages 
{5a to 5d) which respectively communicate with the 
cylinders (2a to 2d) of the engine at the respective 
downstream ends and merge together at the respec- 
tive upstream ends so as to form a merging portion 
(6), a common intake passage (8. 12) which commu- 
nicates with the merging portion at the downstream 
ends and with the atmosphere by way of an air 
cleaner (9) at the upstream end, and a resonance 
muffler (15) which communicates with the air cleaner 
^ (9) and has a resonance frequency which corre- 
^sponds to the fundamental resonance frequency of 
CO the portion of the intake system upstream of the 
2j merging portion (6). 
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INTAKE SYSTEM FOR MULTIPLE CYLINDER ENGINE 



BACKGROUND OF THE INVENTION 



Field of the Invention 



this invention relates to an Intake system for a 
multiple cylinder engine, and more particularly to 
an intake system for a multiple cylinder engine 
having an engine intake noise suppressing system 
for suppressing noise which is generated by the 
intake stroke of the engine. 



Description of the Prior Art 



Recently, the quietness of the engine has 
come to be highly required. In order to satisfy this 
requirement, there , have been made various at- 
tempts to suppress the intake noise generated by 
resonance at a particular frequency which is caus- 
ed due to pulsation of air in the intake passage. 

For example, it has been proposed to connect 
a resonance muffler to the intake passage between 
the air cleaner and the intake ports, the resonance 
type muffler having a resonance frequency cor- 
responding to the frequency of oscillation gen- 
erated in the intake passage, as disclosed in Japa- 
nese Unexamined Patent Publication No. 54(1979)- 
9317. Further, it has been proposed to connect a 
resonance muffler to the intake passage upstream 
of the air cleaner, the resonance muffler having a 
resonance frequency corresponding to the frequen- 
cy of oscillation generated in the intake passage, 
as disclosed in Japanese Unexamined Patent Pub- 
lication 58(1 983)- 1 72451 and Japanese Unexamin- 
ed Utility Model Publication No. 61 (1986)-1 92560. 
Conventionally, the air cleaner generally has a rela- 
tively large volume and cuts off the intake noise. 
Accordingly, the provisions described above are 
made for the resonance which occurs in the intake 
passage upstream of the air cleaner or the intake 
passage downstream of the same. 

However as the maximum output power of en- 
gines is increased, the discrete intake passages 
which connect the respective cylinders to the com- 
mon intake passage have come to occupy a larger 
space in the engine room, and the volume of the 
air cleaner has been reduced. Especially in the fuel 
injection type engines, a small volume air cleaner 
is apt to be used. When the volume of the air 
cleaner, which functions as an expansion type muf- 
fler, is small, low frequency range intake noise 



cannot be cut off. 



SUMMARY OF THE INVENTION 

5 

In view of the foregoing observations and de- 
scription, the primary object of the present inven- 
tion is to provide an intake system for a multiple 

ro cylinder engine which comprises a plurality of dis- 
crete intake passages which respectively commu- 
nicate with the cylinders of the engine at the re- 
spective downstream ends and merges together at 
the respective upstream ends so as to form a 

75 merging portion, and a common intake passage 
which communicates with the merging portion at 
the downstream ends and with the atmosphere by 
way of an air cleaner at the upstream end. and in 
which the engine intake noise can be cut off over a 

20 wide frequency range. 

In accordance with one aspect of the present 
invention, there is provided an intake system for a 
multiple cylinder engine comprising a plurality of 
discrete intake passages which respectively com- 

25 municate with the cylinders of the engine at the 
respective downstream ends and merge together at 
the respective upstream ends so as to form a 
merging portion, a common intake passage which 
communicates with the merging portion at the 

30 downstream ends and with the atmosphere by way 
of an air cleaner at the upstream end, and a 
resonance muffler which communicates with an 
enlarged volume chamber formed in the intake 
system upstream of the air cleaner inclusive of the 

35 air cleaner and has a resonance frequency which 
corresponds to the fundamental resonance fre- 
quency of the upstream side intake system, the 
upstream side intake system being the portion of 
the intake system upstream of the merging portion 

40 and the enlarged volume chamber being the larg- 
est in cross-section in the upstream side intake 
system. 

Generally, the more downstream a resonance 
muffler, which muffles the intake noise having a 

45 frequency corresponding to the fundamental reso- 
nance frequency of an Intake passage opens to the 
intake passage, the more the muffling effect of the 
muffler is. However, if the muffler opens to the 
intake passage downstream of the air cleaner and 

so the air flow meter, mounting of the muffler be- 
comes difficult and a water drainage hole cannot 
be formed since air-tightness of the muffler must 
be ensured. 

Accordingly, when the muffler opens to the air 
cleaner, a muffling effect which is the maximum in 
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the range where the air-tightness of the muffler 
need not be ensured can be obtained. 

Further, the engine intake noise includes low 
frequency noise which is generated by resonance 
of the whole Intake passage, intermediate frequen- 
cy noise which is generated by resonance of the 
discrete intake passages, and high frequency noise 
which is air flow noise, and it is not preferred that 
the other noises are increased when the low fre- 
quency noise Is muffled. When a resonance muffler 
opens to the intake passage as in the conventional 
intake system, the intermediate frequency noise is 
increased due to resonance of the portion of the 
intake passage on opposite sides of the resonance 
muffler though the low frequency noise can be 
suppressed. Assuming that the intake system com- 
prises a surge tank 100 formed by the merging 
portion of the discrete passages 101, a down- 
stream side portion 102 of a common intake pas- 
sage, an air cleaner 103 and an upstream side 
portion 104 of the common intake passage, station- 
ary vibration (intermediate frequency vibration) hav- 
ing nodes at the surge tank 100, the air cleaner 
(enlarged volume chamber) and the upstream end 
of the upstream side portion 104 (at which the 
upstream side portion 104 opens to the atmo- 
sphere) is generated. Since the resonance muffler 
enhances the vibration having a frequency twice 
the frequncy of the vibration which the resonance 
muffler suppresses. Accordingly, if the resonance 
muffler opens to the intake passage, the resonance 
muffler enhances the stationary vibration shown in 
Figure 5. That is, when the noise to be suppressed 
has a low frequency, the frequency twice the low 
frequency is an intermediate frequency and ac- 
cordingly, the intermediate frequency noise is en- 
hanced when the resonance muffler opens to the 
intake passage. On the other hand, when the reso- 
nance muffler opens to the air cleaner (enlarged 
volume chamber), where the stationary wave has a 
node, as in the present invention, the intermediate 
frequency noise cannot be enhanced. 

In accordance with another aspect of the 
present invention, the intake system has a throttle 
valve which is disposed close to the merging por- 
tion of the discrete intake passages in the up- 
stream side intake system, and another (a second) 
resonance muffler which communicates with an 
enlarged volume chamber formed in the intake 
system downstream of the throttle valve and has a 
resonance frequency which corresponds to the fun- 
damental resonance frequency of the upstream 
side intake system. 

Generally, as described above, the more down- 
stream a resonance muffler which muffles the In- 
take noise having a frequency corresponding to the 
fundamental resonance frequency of an Intake pas- 
sage opens to the intake passage, the more the 



muffling effect of the muffler is. Further, the more 
the capacity of the muffler is, the more the muffling 
effect is. 

However, when a resonance muffler having a 
5 large capacity is disposed downstream of the throt- 
tle valve, the engine output cannot quickly respond 
to change of the throttle opening and the running 
performance of the vehicle deteriorates. Accord- 
ingly, when a resonance muffler having such a 
io capacity that will not deteriorates the running per- 
formance opens to the intake system downstream 
of the throttle valve, and another resonance muffler 
having a large capacity opens to an enlarged vol- 
ume chamber formed in the intake system up- 
15 stream of the air cleaner inclusive of the air clean- 
er, the engine intake noise having a fundamental 
resonance frequency of the upstream side intake 
system can be suppressed without adversely af- 
fecting the running performance. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 



25 Figure 1 is a schematic view showing a four- 

cylinder in-line engine provided with an intake sys- 
tem in accordance with an embodiment of the 
present invention, 

Figure 2 is a graph which shows the sound 

30 pressure level-frequency characteristic curve in the 
engine, 

Figure 3 is a graph which shows the torque 
engine speed characteristic curve in the engine, 
Figure 4 is a graph which shows the relation 
35 between the sound pressure level and the fre- 
quency in an engine provided with an intake sys- 
tem \j\ accordance with another embodiment of the 
present invention, and 

Figure 5 is a view for illustrating the principle 
40 of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

45 

In Figure 1, an engine 1 has first to fourth 
cylinders 2a to 2d which are respectively provided 
with intake ports 3a to 3d and exhaust ports 4a to 
4d. Though not shown, the intake ports 3a to 3d 

so and the exhaust ports 4a to 4d are opened and 
closed by intake valves and exhaust valves. 

The intake ports 3a to 3d communicates with a 
surge tank 6 respectively by way of discrete intake 
passages 5a to 5d. A fuel injection valve 7 is 

55 disposed in each of the discrete intake passages 
5a to 5d. A first portion 8 of a common intake 
passage is connected to the surge tank 6 at its 
downstream end and to an air cleaner 9 at its 
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upstream end. The air cleaner 9 forms an enlarged 
volume chamber. A throttle 10 is provided In the 
first portion 8 of the common intake passage near 
the surge tank 6, and an airflow meter 11 is pro- 
vided in the first portion 8 near the air cleaner 9. A 
second portion 12 of the common intake passage 
communicates with the air cleaner 9 at its down- 
stream end and opens to the atmosphere at its 
upstream end(an opening 12a). The first and sec- 
ond portions 8 and 12 of the common intake pas- 
sage and the air cleaner 9 forms an upstream side 
intake system 13. 

A first resonator 15 which is of a side branch 
type is connected to the air cleaner 9 at one end. 
The other end of the first resonator 15 is closed. 
The resonance frequency f of the upstream side 
intake system 13 is given by the following formula. 
f=c/x , X =1/4 (1) 

wherein 1 represents the total length of the up- 
stream side intake system , c represents a speed of 
sound (approximately 360m/sec/50 - C) and X re- 
presents the wavelength of the sound wave. As- 
suming that the total length X of the upstream side 
intake system is 1m, the fundamental resonance 
frequency fo of the quarter-wave vibration which 
has a node at the upstream end of the upstream 
side intake system 13 and an antinode at the 
downstream end is equal to 360/4 (90H2). Since 
two intake strokes occur for each revolution of the 
crankshaft in a four-cylinder In-line engine, the fre- 
quency of the pulsation of intake air which occurs 
in the upstream side intake system becomes 90Hz 
and resonance sound is generated when the en- 
gine speed is 2700rpm, l.e., when the engine 
makes 45 revolutions a second. The first resonator 
15 has a lowest degree resonance frequency which 
is substantially equal to the fundamental resonance 
frequency fo. 

Generally, the resonance frequency fp of the 
side branch type resonator is given by the follow- 
ing formula, fp = {{2n-1)/4} ■ (c/L) (2) 
wherein L represents the length of the resonator, 
and n represents a positive integer. In the case of 
the lowest degree resonance frequency, n is equal 
to 1. Accordingly, when the length L is" 1m, the 
resonance frequency fp Is 90Hz. 

A second resonator 16 which is a Helmhottz 
resonator having a resonance frequency of 90Hz is 
connected to the surge tank 6. 

The resonance frequency fp of the Helmholtz 
resonator Is given b y the following formula, 
fp = (c/2n) VSMT (3) 
wherein V represents the volume of the resonance 
chamber 16a of the resonator 16, S represents the 
cross-sectional area of the neck 16b of the resona- 
tor 16 and L represents the length of the neck 16b. 

Further, a third resonator 17 which is of the 
Helmholtz type is connected to an intermediate 



portion of the first portion 8 of the common intake 
passage. The third resonator 17 has a resonance 
chamber 17a which communicates with the first 
portion 8 by way of an opening 17b. The length of 
s the first portion 8 is about 45cm and the resonance 
frequency of the third resonator 17 is about 330Hz 
which corresponds to the resonance frequency of 
the first portion 8. 

In Figure 2, the solid line shows the relation 
10 between the sound pressure level and the fre- 
quency in the intake system of this embodiment 
(i.e.. in the intake system with the first to third 
resonators 15 to 17), and the broken line shows 
that in the intake system without the resonators 15 
75 to 17. As can be understood from Figure 2, ihe 
sound pressure level peak at the resonance fre- 
quency of the upstream side intake system which 
would be at A' (about 90dB) without the first and 
second resonators 15 and 16 is lowered to A 
20 (about 75dB) by the resonators 15 and 16. Further, 
the sound pressure level peak at the resonance 
frequency of the first portion which would be at B 
without the third resonator 17 is lowered to B by 
the resonator 17. Though a peak C is produced by 
25 the third resonator 17, the peak C is low and the 
adverse effect of the resonator 17 is negligible. The 
resonance of the second portion 12 of the common 
intake passage produces a peak D. 

Further, it has been found that the intake sys- 
30 tern of this embodiment contributes to improve- 
ment of the engine speed-torque characteristics. 
That is, when the length of the discrete intake 
passages and other factors of the intake system 
are selected so that an inertia supercharging effect 
35 can be obtained in both the low engine speed 
range and the high engine speed range, a torque 
characteristic curve as shown by the broken line in 
Figure 3 is obtained if the intake system is not 
provided with the resonators 15 and 16. On the 
40 other hand, in the intake system of this embodi- 
ment (with the resonators 15 and 16), the bottom of 
the torque near 2700rpm is raised and a smooth 
torque characteristic is obtained. 

Though, in the embodiment described above, 
45 the intake system is provided with the three reso- 
nators, the intake system may be only provided 
with a single resonator so long as it opens to an 
enlarged volume chamber formed in the intake 
system upstream of the air cleaner inclusive of the 
so air cleaner and has a resonance frequency which 
corresponds to the fundamental resonance fre- 
quency of the upstream side intake system as can 
be understood from Rgure 4, in which the solid line 
shows the relation between the sound pressure 
55 level and the frequency in an intake system with a 
single resonator which opens to the air cleaner, 
and the broken line shows that in an intake system 
without any resonator. 
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Claims 

1. An intake system for a multiple cylinder 
engine comprising a plurality of discrete intake 
passages which respectively communicate with the 
cylinders of the engine at the respective down- 
stream ends and merge together at the respective 
upstream ends so as to form a merging portion, a 
common intake passage which communicates with 
the merging portion at the downstream ends and 
with the atmosphere by way of an air cleaner at the 
upstream end, and a resonance muffler which com- 
municates with an enlarged volume chamber 
formed in the intake system upstream of the air 
cleaner inclusive of the air cleaner and has a 
resonance frequency which corresponds to the fun- 
damental resonance frequency of the upstream 
side intake system, the upstream side intake sys- 
tem being the portion of the intake system up- 
stream of the merging portion and the enlarged 
volume chamber being the largest in cross-section 
in the upstream side intake system. 

2. An intake system as defined in Claim 1 in 
which said enlarged volume chamber is the air 
cleaner. 

3. An Intake system for a multiple cylinder 
engine comprising a plurality of discrete intake 
passages which respectively communicate with the 
cylinders of the engine at the respective down- 
stream ends and merge together at the respective 
upstream ends so as to form a merging portion, a 
common intake passage which communicates with 
the merging portion at the downstream ends and 
with the atmosphere by way of an air cleaner at the 
upstream end. a first resonance muffler which com- 
municates with a first enlarged volume chamber 
formed in the intake system upstream of the air 
cleaner Inclusive of the air cleaner and has a 
resonance frequency which corresponds to the fun- 
damental resonance frequency of the upstream 
side intake system, the upstream side intake sys- 
tem being the portion of the intake system up- 
stream of the merging portion, a throttle valve 
which is disposed close to the merging portion of 
the discrete intake passages in the upstream side 
intake system, and a second resonance muffler 
which communicates with a second enlarged vol- 
ume chamber formed in the intake system down- 
stream of the throttle valve and has a resonance 
frequency which corresponds to the fundamental 
resonance frequency of the upstream side intake 
system, the first and second enlarged volume 
chambers being larger in cross-section than the 
other parts in the upstream side intake system. 

4. An intake system as defined in Claim 3 in 
which said first enlarged volume chamber is the air 
cleaner. 

5. An intake system as defined in Claim 4 in 



which said merging portion forms a surge tank and 
said second enlarged volume chamber is the surge 
tank. 

6. An intake system as defined in Claim 5 in 
6 which said first resonance muffler is of a side 
branch type and the second resonance muffler is a 
Helmholtz type. 
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